















KDV EHHQ HQKDQFHG HIIHFWLYHO\  %DVHG XSRQ WKH VLPXODWLRQ UHVXOWV D QHZ 1',5 JDV VHQVRU KDV EHHQ SURWRW\SHG ZLWK KLJK










DPELHQW >@ VRZKHQ WKHUH LV D OHDNDJH RIPHWKDQH LQ WKH DLU DQ H[SORVLRQPLJKW EH SUHYHQWHG E\ XVLQJ VDIHW\
PHWKRGVVXFKDVDPHWKDQHGHWHFWRUZLWKKLJKDFFXUDF\DQGUHOLDELOLW\$OVRPHWKDQHLVYHU\KD]DUGRXVWRKXPDQV
EHFDXVHLWPD\LQGXFHGL]]LQHVVKHDGDFKHVDQGQDXVHDDQGFDQFDXVHVXIIRFDWLRQLILQKDOHGDWKLJKFRQFHQWUDWLRQV
>@0HWKDQH FDQ EH UHOHDVHG IURPZDVWH GLVSRVDODUHDV SDUWLFXODUO\ IURP WKHDQDHURELF GHFD\ RI IRRG DQG IURP
DJULFXOWXUDO DUHDV DQG UHVLGHQWLDO JDV GLVWULEXWLRQ V\VWHPV ,Q DGGLWLRQPHWKDQH FDXVHVPRUH JUHHQKRXVH HIIHFWV
WKDQ FDUERQ GLR[LGH 7KHUHIRUH D VPDOO DQG ORZ FRVW PHWKDQH VHQVRUPRGXOH LV QHHGHG WR ZDUQ WKH UHOHDVH RI
PHWKDQHLQLQGXVWULDODQGUHVLGHQWLDOHQYLURQPHQWV
&XUUHQWO\ WKHUHDUH WZR W\SHVRI VHQVRUVXVHG WRGHWHFWPHWKDQHJDV2QH LVEDVHGRQ WKHFDWDO\WLFFRPEXVWLRQ
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 $XWKRUQDPH3URFHGLD(QJLQHHULQJ±
ZLWK WKH KHOS RI FRVW UHGXFWLRQ DQGPLQLDWXUL]DWLRQ RI WKHPDLQ FRPSRQHQWV7KH FDWDO\WLF JDV VHQVRU KDV VRPH
DGYDQWDJHV VXFK DV VPDOO VL]H VKRUW UHVSRQVH WLPH DQG D UHODWLYHO\ VLPSOH FLUFXLW WR PDQLSXODWH WKH VLJQDO
FRQGLWLRQLQJ +RZHYHU LW H[KLELWV SRRU VHOHFWLYLW\ WR RWKHUJDVHV LQ WKH DPELHQW DLU DQG VKRZV VRPH UHOLDELOLW\





JDV VHQVRU  7R LPSURYH WKH VHQVLWLYLW\ RI 1',5 JDV VHQVRUV RSWLFDO OHQVHV FDQ EH XVHG WR DFKLHYH KLJK RXWSXW
YROWDJHRUWKHLPSURYHPHQWRIWKHUPRSLOHGHWHFWRUFDQEHDQDOWHUQDWLYHRQHDVGHVFULEHG>@
,Q WKLV VWXG\ZH VLPXODWHG XQLTXH RSWLFDO FDYLW\ VWUXFWXUHV WR REWDLQ DQG WR LPSURYH WKH VHQVLWLYLW\ RI 1',5
PHWKDQH JDV VHQVRU ZLWKRXW RSWLFDO OHQVHV  $IWHU SURWRW\SLQJ RSWLFDO FDYLW\ EDVHG RQ VLPXODWLRQ UHVXOWV 1',5








7KHGHVLJQHGVHQVRUKDV IRXUSDUWVDJDVVHQVLQJFHOOZLWKDQ ,5VRXUFH WKHUPRSLOHGHWHFWRUDQGSURSRVHG
FDYLW\  ,5 SXOVH PRGXODWLRQ DQG VLJQDO DPSOLILFDWLRQ FLUFXLWV  DQ $'8& $QDORJ 'HYLFH ,QF 0LFUR
&RQWURO8QLW 0&8 IRU VLJQDOFRQGLWLRQLQJDQGVWRUDJHRI WKHPHDVXUHGGDWDDQGDGDWDFRPPXQLFDWLRQSRUW
EHWZHHQWKHPDLQFRPSXWHUDQGVHQVRUPRGXOHV56DQG56LQWHUIDFHV :HXVHGDQLQIUDUHGOLJKWVRXUFH
ZKLFKHPLWVLQIUDUHGUD\IURPWRPPZDYHOHQJWKFRQWLQXRXVO\,QDGGLWLRQZHXVHGDWKHUPRSLOHGHWHFWRU=73
















WKHUPRSLOHGHWHFWRUKDV WKHKLJKHVW RXWSXW YROWDJH DW WKLVPRGXODWLRQ SHULRG  ,Q WKHDPSOLILFDWLRQ FLUFXLW DQ$'
$QDORJ'HYLFH,QFZDVXVHGDVDQRSHUDWLRQDODPSOLILHUZLWKDORZRIIVHWYROWDJHOHVVWKDQP9ZKLFK
ZDVQHFHVVDU\ EHFDXVH WKHRXWSXWYROWDJHRI WKH WKHUPRSLOHGHWHFWRUZDV OHVV WKDQD IHZKXQGUHGPLFURYROW )RU
VLJQDO FRQGLWLRQLQJ DQG WR REWDLQ KLJK RXWSXW YROWDJH DW  SSP &+ FRQFHQWUDWLRQ ZH XVHG VHFRQGRUGHU
 
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 $XWKRUQDPH3URFHGLD(QJLQHHULQJ± 
DPSOLILFDWLRQFLUFXLWVZLWKDQ/01DWLRQDO6HPLFRQGXFWRU,QFUHIHUHQFHYROWDJHGULYHU$IWHUDFTXLULQJWKH










 ,1129$ ,QF LV FRQQHFWHG WR JDV FKDPEHU WR GHWHFW WKH JDV FRQFHQWUDWLRQ DV D IXQFWLRQ RI WLPH LQ WKH
FKDPEHU DQG DOVR DPELHQW WHPSHUDWXUHV  7KH RYHUDOO IXQFWLRQ RI WKHPHDVXUHPHQW V\VWHP LV GHVFULEHG LQ EORFN
GLDJUDPVKRZQLQ)LJE7KHJDVFKDPEHUZDVSODFHGLQVLGHDFRQVWDQWWHPSHUDWXUHKXPLGLW\FKDPEHUEHFDXVH
WKH WKHUPRSLOH GHWHFWRU LV YHU\ VHQVLWLYH WR IOXFWXDWLRQV LQ DPELHQW WHPSHUDWXUH DQG WKH JDV FRQFHQWUDWLRQ ZDV
PDQLSXODWHGWKURXJKWKHPDLQFRPSXWHUDQG0)&7KHRXWSXWYROWDJHVLJQDOVZHUHVWRUHGLQDFRPSXWHUWKURXJK
WKHGDWDDFTXLVLWLRQERDUGDQGWKHWHPSHUDWXUHRIWKHFKDPEHUZDVVHWWRZLWKLQr q&RIWKHWDUJHWWHPSHUDWXUH
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%DVHGXSRQWKHVLPXODWLRQUHVXOWVWZRGLIIHUHQWRSWLFDOVWUXFWXUHVKDYHEHHQEXLOWDQGWKHVHQVRURXWSXWYROWDJHV










$IWHU LPSOHPHQWLQJWHPSHUDWXUHFRPSHQVDWLRQDOJRULWKPQRWGHVFULEHGGHWDLOV LQWKLVDUWLFOH WKHPHWKDQHJDV
FRQFHQWUDWLRQKDVEHHQPHDVXUHGE\UHIHUHQFHDQDO\]HUDQGGHYHORSHGVHQVRUPRGXOHDQGVKRZQLQ)LJ,QWKLV
H[SHULPHQWJDVFRQFHQWUDWLRQKDVEHHQVHWQHDUWRSSPDQGWHPSHUDWXUHKDVEHHQFKDQJHGIURPq&WR














>@4XUDQWD )5HOOD5 6LFLODQR 3&DSRQH 6 (SLIDQL0 9DVDQHOOL / /LFFLXOOL$ $ QRYHO JDV VHQVRU EDVHG RQ 6Q2 2V WKLQ ILOP IRU WKH
GHWHFWLRQRIPHWKDQHDWORZWHPSHUDWXUH6HQVRUVDQG$FWXDWRUV%
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